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	 Δ! = !!!,! !"!" 	 (Equation	4a)	
	
The	superficial	velocity	is	related	to	the	volumetric	flow	rate	(Fν)	by	the	inverse	of	






	 F! !"!"# = 1.67 × 10!!!  ! !(!!! )	 	
	
Equation	4b	can	therefore	be	re-written	as,	







m = !.!" × !"!!!!"!!,!! 	 	
	
Thus	allowing	the	permeability	to	be	calculated	as	follows,	




































































































































































































































































 Oil	Phase	/	mL	   Aqueous	Phase	/	g	 	     
No.	 Paraffin-oil		 IP	a	 	 AAm	 MBAm	 Tween®	85	 H2O	 APS	 Emulsification	
1	 16	 80%	 	 1.42	 0.309	 0.2	[5	wt%]b	 4	 0.04	 [14	000	rpm,	2	minH]	
2	 12	 60%	 	 2.84	 0.618	 0.4	[5	wt%]b	 8	 0.08	 [10	000	rpm,	2	minH]	
3	 12	 60%	 	 2.84	 0.618	 0.4	[5	wt%]b	 8	 0.08	 [14	000	rpm,	2	minH]	
4	 12	 60%	 	 2.84	 0.618	 0.4	[5	wt%]b	 8	 0.08	 [18	000	rpm,	2	minH]	
5	 12	 60%	 	 2.84	 0.618	 0.4	[5	wt%]b	 8	 0.08	 [30%	amp,	5	minU]	
6	 12	 60%	 	 2.84	 0.618	 0.4	[5	wt%]b	 8	 0.08	 [30%	amp,	10	minU]	
7	 12	 60%	 	 2.84	 0.618	 0.4	[5	wt%]b	 8	 0.08	 [50%	amp,	5	minU]	
8	 12	 60%	 	 2.84	 0.618	 0.8	[10	wt%]b	 8	 0.08	 [30%	amp,	5	minU]	
9	 12	 60%	 	 2.84	 0.618	 1.2	[15	wt%]b	 8	 0.08	 [30%	amp,	5	minU]	
10	 12	 60%	 	 2.84	 0.618	 1.6	[20	wt%]b	 8	 0.08	 [30%	amp,	5	minU]	
11	 10	 50%	 	 3.55	 0.7725	 0.5	[5	wt%]b	 10	 0.1	 [30%	amp,	5	minU]	
12	 8	 40%	 	 4.26	 0.927	 0.6	[5	wt%]b	 12	 0.12	 [30%	amp,	5	minU]	
13	 4	 20%	 	 5.68	 1.236	 0.8	[5	wt%]b	 16	 0.16	 [30%	amp,	5	minU]	
14	 4	 20%	 	 5.68	 1.236	 3.2	[20	wt%]b	 16	 0.16	 [30%	amp,	5	minU]	
Sample	 V	/	μm	a	 D1	/	μm	b	 D2	/	μm	c	 W	/	μm	d	 BET	/	m2g-1	e	 ϕd	/	%	
f	 Preparation	
1	 5	±	2	 6	±	3	 6	±	2	 1.0	±	0.5	 2.2	±	0.3	 69	±	2	 [80%	IP,	14	000	rpm,	2	minH,	5	wt%]	
2	 15	±	5	 13	±	6	 13	±	7	 2	±	1	 1.2	±	0.1	 58	±	3	 [60%	IP,	10	000	rpm,	2	minH,	5	wt%]	
3	 8	±	3	 7	±	3	 9	±	4	 1.0	±	0.7	 1.0	±	0.2	 53	±	9	 [60%	IP,	14	000	rpm,	2	minH,	5	wt%]	
4	 6	±	2	 6	±	3	 6	±	3	 0.8	±	0.5	 1.3	±	0.2	 53	±	3	 [60%	IP,	18	000	rpm,	2	minH,	5	wt%]	
5	 0.7	±	0.4	 -	 -	 0.2	±	0.1	 7.5	±	0.4	 63	±	3	 [60%	IP,	30%	amp,	5	minU,	5	wt%]	
6	 0.5	±	0.3	 -	 -	 0.1	±	0.1	 8.5	±	0.1	 59	±	4	 [60%	IP,	30%	amp,	10	minU,	5	wt%]	
































1	 4	 0.19	 0.0090	 0.036	 [80%	IP,	14	000	rpm,	2	minH,	5	wt%]	
2	 4	 0.13	 0.0042	 0.017	 [60%	IP,	10	000	rpm,	2	minH,	5	wt%]	
3	 4	 0.13	 0.0039	 0.016	 [60%	IP,	14	000	rpm,	2	minH,	5	wt%]	
4	 5	 0.12	 0.0035	 0.018	 [60%	IP,	18	000	rpm,	2	minH,	5	wt%]	
5	 2	 0.25	 0.016	 0.032	 [60%	IP,	30%	amp,	5	minU,	5	wt%]	
6	 2	 0.28	 0.020	 0.040	 [60%	IP,	30%	amp,	10	minU,	5	wt%]	





















































































































































Sample	 V	/	μm	a	 P	/	μm	b	 BET	/	m2g-1	c	 ϕd	/	%	
d	 Preparation	
5	 0.7	±	0.4	 0.26	±	0.01	 7.5		±	0.4	 63	±	3	 [60%	IP,	30%	amp,	5	minU,	5	wt%]	
8	 0.5	±	0.3	 0.45	±	0.01	 4.5		±	0.3	 62	±	3	 [60%	IP,	30%	amp,	5	minU,	10	wt%]	
9	 -	 0.61	±	0.02	 3.2		±	0.7	 59	±	1	 [60%	IP,	30%	amp,	5	minU,	15	wt%]	
10	 -	 0.72	±	0.01	 6.4		±	0.1	 62	±	2	 [60%	IP,	30%	amp,	5	minU,	20	wt%]	
11	 0.4	±	0.2	 0.295	±	0.001	 6.1		±	0.3	 48	±	5	 [50%	IP,	30%	amp,	5	minU,	5	wt%]	
12	 0.7	±	0.3	 0.437	±	0.004	 3.0		±	0.1	 36	±	3	 [40%	IP,	30%	amp,	5	minU,	5	wt%]	
13	 1	±	1	 0.68	±	0.01	 0.20		±	0.01	 -	 [20%	IP,	30%	amp,	5	minU,	5	wt%]	





























































































































































































































 Oil	Phase	/	mL	   Aqueous	Phase	/	g	 	     
No.	 Paraffin-oil		 IP	a	 	 AAm	 MBAm	 Tween®	85	 H2O	 APS	 Emulsification	
13	 4	 20%	 	 5.68	 1.236	 0.8	[5	wt%]b	 16	 0.16	 [30%	amp,	5	minU]	
14	 4	 20%	 	 5.68	 1.236	 3.2	[20	wt%]b	 16	 0.16	 [30%	amp,	5	minU]	
15	 14	 70%	 	 2.13	 0.4635	 0.3	[5	wt%]b	 6	 0.06	 [30%	amp,	5	minU]	
16	 14	 70%	 	 2.13	 0.4635	 1.2	[20	wt%]b	 6	 0.06	 [30%	amp,	5	minU]	
17	 14	 70%	 	 2.13	 0.4635	 0.3	[5	wt%]b	 6	 0.06	 [10	000	rpm,	2	minH]	
18	 14	 70%	 	 2.13	 0.4635	 1.2	[20	wt%]b	 6	 0.06	 [10	000	rpm,	2	minH]	
19	 4	 20%	 	 5.68	 1.236	 0.8	[5	wt%]b	 16	 0.16	 [10	000	rpm,	2	minH]	
20	 4	 20%	 	 5.68	 1.236	 3.2	[20	wt%]b	 16	 0.16	 [10	000	rpm,	2	minH]	
21	 9	 45%	 	 3.905	 0.8498	 1.375	[12.5	wt%]b	 11	 0.11	 [14	000	rpm,	2	minH]	
22	 9	 45%	 	 3.905	 0.8498	 1.375	[12.5	wt%]b	 11	 0.11	 [30%	amp,	5	minU]	
23	 8	 40	vol%	 	 4.26	 0.927	 0.6	[5	wt%]b	 12	 0.12	 [14	000	rpm,	2	minH]	
24	 8	 40	vol%	 	 4.26	 0.927	 0.6	[5	wt%]b	 12	 0.12	 [18	000	rpm,	2	minH]	






Sample	 IP	a	 S	b	 E	c	
13	 -	 -	 +	
14	 -	 +	 -	
15	 +	 -	 +	
16	 +	 +	 +	
17	 +	 -	 -	
18	 +	 +	 -	
19	 -	 -	 -	
20	 -	 +	 -	
21	 0	 0	 0	






















































Sample	 V	/	μm	a	 D1	/	μm	b	 D2	/	μm	c	 W	/	μm	d	 P	/	μm	e	 BET	/	m2g-1	f	 ϕd	/	%	
g	 Preparation	
13	 -	 -	 -	 -	 0.68	±	0.01	 0.20		±	0.01	 -	 [20%	IP,	30%	amp,	5	minU,	5	wt%]	
14	 -	 -	 -	 -	 0.62	±	0.06	 3.9		±	0.4	 39	±	1	 [20%	IP,	30%	amp,	5	minU,	20	wt%]	
15	 3	±	2	 -	 -	 0.2	±	0.1	 0.389	±	0.004	 5.3		±	0.2	 67	±	2	 [70%	IP,	30%	amp,	5	minU,	5	wt%]	
16	 -	 -	 -	 -	 0.769	±	0.004	 5.6		±	0.6	 60	±	10	 [70%	IP,	30%	amp,	5	minU,	20	wt%]	
17	 6	±	3	 8	±	4	 8	±	3	 0.8	±	0.4	 1.7	±	0.1	 1.8		±	0.2	 55	±	3	 [70%	IP,	10	000	rpm,	2	minH,	5	wt%]	
18	 4	±	2	 6	±	3	 7	±	3	 0.8	±	0.4	 1.9	±	0.1	 3.9		±	0.2	 67	±	3	 [70%	IP,	10	000	rpm,	2	minH,	20	wt%]	





































































































































5	 180	±	70	 4.7	±	0.8	 5	±	2	 0.13	±	0.02	 [60%	IP,	30%	amp,	5	minU,	5	wt%]	
11	 170	±	50	 6	±	2	 3	±	1	 0.15	±	0.04	 [50%	IP,	30%	amp,	5	minU,	5	wt%]	
12	 490	±	90	 14	±	2	 8	±	2	 0.21	±	0.03	 [40%	IP,	30%	amp,	5	minU,	5	wt%]	


























































































































































































5	 63	±	3	 71	±	4	 103	±	2	 0.4	±	2	 16	±	3	 90	±	10	 130	±	20	 160	±	30	 470	±	12	
11	 48	±	5	 62	±	3	 97	±	4	 -	2	±	3	 15	±	4	 84	±	11	 80	±	20	 120	±	20	 369	±	5	
12	 36	±	3	 49	±	1	 91	±	2	 -	3	±	2	 11	±	3	 120	±	16	 44	±	8	 63	±	5	 307	±	8	


























































































































































































































1	 69	±	2	 78	±	5	 108	±	5	 -	2	±	3	 15	±	4	 48	±	5	 300	±	40	 120	±	20	 920	±	20	
2	 58	±	3	 60	±	6	 96	±	6	 -	2	±	1	 11	±	1	 97	±	20	 123	±	3	 120	±	30	 450	±	90	
3	 53	±	9	 60	±	10	 90	±	5	 0	±	4	 14	±	5	 81	±	30	 100	±	40	 110	±	30	 370	±	70	
4	 53	±	3	 64	±	3	 98	±	4	 -	4	±	3	 10	±	1	 100	±	20	 100	±	10	 130	±	20	 480	±	20	
5	 63	±	3	 71	±	4	 103	±	2	 0.4	±	2	 16	±	3	 90	±	10	 130	±	20	 160	±	30	 470	±	12	
6	 59	±	4	 70	±	3	 101	±	3	 -	3	±	2	 12	±	2	 67	±	6	 130	±	20	 170	±	30	 490	±	20	
7	 55	±	5	 66	±	1	 100	±	3	 -	3	±	2	 14	±	2	 140	±	20	 100	±	30	 130	±	20	 500	±	20	
8	 62	±	3	 69	±	5	 114	±	7	 -	3	±	3	 14	±	4	 70	±	10	 130	±	20	 160	±	30	 510	±	20	
9	 59	±	1	 70	±	6	 103	±	4	 -	2	±	1	 10	±	5	 80	±	20	 130	±	3	 150	±	20	 460	±	30	
10	 62	±	2	 70	±	3	 118	±	2	 -	2	±	4	 15	±	3	 60	±	10	 131	±	9	 150	±	30	 540	±	10	
11	 48	±	5	 62	±	3	 97	±	4	 -	2	±	3	 16	±	4	 80	±	10	 80	±	20	 120	±	20	 369	±	5	
12	 36	±	3	 49	±	1	 91	±	2	 -	3	±	2	 12	±	3	 120	±	20	 44	±	8	 63	±	5	 307	±	8	
13	 -	 -	 -	 -	 -	 -	 -	 -	 -	
14	 39	±	1	 52	±	1	 93	±	2	 -	3	±	3	 10	±	3	 100	±	10	 48	±	3	 70	±	3	 298	±	7	
15	 67	±	2	 70	±	2	 102	±	2	 -	3	±	3	 15	±	3	 110	±	40	 180	±	30	 180	±	30	 650	±	20	
14	 39	±	1	 52	±	1	 93	±	2	 -	3	±	3	 10	±	3	 100	±	10	 48	±	3	 70	±	3	 298	±	7	
15	 67	±	2	 70	±	2	 102	±	2	 -	3	±	3	 15	±	3	 110	±	40	 180	±	30	 180	±	30	 650	±	20	
16	 60	±	10	 78	±	5	 110	±	6	 -	4	±	6	 15	±	7	 130	±	40	 130	±	50	 210	±	50	 630	±	30	
17	 55	±	3	 68	±	3	 93	±	4	 -	3	±	1	 10	±	3	 80	±	20	 130	±	20	 190	±	20	 410	±	60	
18	 67	±	3	 81	±	3	 117	±	6	 -	1	±	3	 9	±	4	 80	±	20	 190	±	30	 250	±	30	 720	±	20	
19	 -	 -	 -	 -	 -	 -	 -	 -	 -	
20	 -	 -	 -	 -	 -	 -	 -	 -	 -	
21	 -	 -	 -	 -	 -	 -	 -	 -	 -	












































































































































540	 3.5	±	0.5	 10	±	6	 0.3	±	0.1	 0.3	±	0.2	
250	 4	±	1	 5	±	2	 1.6	±	0.5	 1.5	±	0.3	

































300	rpm	 	 	 14	000	rpm	 	
#	 Sample	 V	a	/	μm	 W	b	/	μm	 	 D	c	/	μm	 V	a	/	μm	 W	b	/	μm	 D	c	/	μm	
1	 Bulk	 20	±	10	 2	±	1	 	 7	±	4	 4	±	2	 1.4	±	0.4	 3	±	1	
2	 540	μm	i.d.	 20	±	10	 3	±	2	 	 	 6	±	4	 1.5	±	0.8	 -	
3	 540	μm	i.d.p	 17	±	9	 3	±	2	 	 7	±	5	 4	±	2	 1.2	±	0.4	 3	±	2	
4	 250	μm	i.d.	 12	±	7	 3	±	2	 	 	 6	±	4	 1.4	±	0.6	 -	
5	 250	μm	i.d.p	 8	±	3	 2	±	1	 	 5	±	2	 4	±	2	 1.2	±	0.5	 3	±	1	
6	 150	μm	i.d.	 8	±	5	 2	±	1	 	 	 4	±	3	 1.1	±	0.4	 -	




































































Sample	 V	a	/	μm	 W	b	/	μm	 D	c	/	μm	
Bulk	 30	±	10	 4	±	2	 20	±	10	
Syringe	 30	±	10	 4	±	2	 13	±	8	






























































































































































Filling	 	 250	μm	 	 	 150	μm	 	
Rate	/	μLmin-1	 V	a	/	μm	 W	b	/	μm	 D	c	/	μm	 V	a	/	μm	 W	b	/	μm	 D	c	/	μm	
10	 30	±	10	 5	±	3	 10	±	5	 21	±	7	 4	±	2	 9	±	5	
25	 30	±	10	 4	±	2	 11	±	6	 30	±	10	 5	±	4	 8	±	4	
50	 30	±	10	 4	±	2	 8	±	5	 30	±	10	 4	±	2	 9	±	5	








































































Length	of	 	 250	μm	 	 	 150	μm	 	
Capillary	/	cm	 V	a	/	μm	 W	b	/	μm	 D	c	/	μm	 V	a	/	μm	 W	b	/	μm	 D	c	/	μm	
5	 8	±	3	 1.7	±	0.7	 3	±	1	 6	±	2	 1.9	±	0.8	 3	±	1	
10	 9	±	3	 2.0	±	0.7	 4	±	2	 10	±	4	 3	±	1	 4	±	2	
20	 10	±	8	 2	±	1	 5	±	2	 9	±	5	 2.3	±	0.8	 6	±	3	
30	 10	±	5	 2.0	±	0.7	 6	±	2	 19	±	9	 4	±	2	 6	±	3	
40	 10	±	6	 3	±	2	 6	±	3	 20	±	10	 3	±	2	 8	±	4	
50	 14	±	5	 3	±	2	 7	±	3	 20	±	10	 4	±	2	 10	±	5	















































































































































































































































































































































































































































































Sample	 ΔV	/	%	A		 ΔV	/	%	M		 	 ms	/	%	
A		 ms	/	%	
M		
Bulk	(300	rpm)	 0	±	10	 1	±	4	 	 1130	±	50	 1030	±	80	








































































































































































1	 0	wt%	(KPS)	 3.4	±	0.7	 0.8	±	0.3	 3	±	1	 97	±	4	 19.7	±	0.8	 4	±	2	 1.1	±	0.4	
2	 0.1	wt%	AAm	(KPS)	 2.3	±	0.7	 0.6	±	0.2	 2	±	1	 86	±	5	 43.7	±	0.4	 5	±	2	 1.2	±	0.5	
3	 1	wt%	AAm	(KPS)	 2.5	±	0.9	 0.5	±	0.2	 3	±	1	 83	±	7	 30.2	±	0.3	 3	±	2	 0.6	±	0.2	
4	 0.4	wt%	PEGDA	
(KPS)	
1.9	±	0.5	 0.5	±	0.2	 2	±	1	 98	±	7	 37.7	±	0.5	 2	±	1	 0.6	±	0.2	
5	 4	wt%	PEGDA	(KPS)	 4	±	3	 0.7	±	0.3	 5	±	2	 97.5	±	0.3	 29	±	1	 4	±	4	 0.8	±	0.3	
6	 0	wt%	(AIBN)	 7	±	2	 1.6	±	0.7	 7	±	3	 96	±	8	 14.1	±	0.4	 7	±	2	 1.8	±	0.6	
7	 0.1	wt%	AAm	
(AIBN)	
4	±	1	 1.2	±	0.4	 3	±	2	 108	±	8	 13.4	±	0.3	 7	±	4	 0.9	±	0.4	








4	±	2	 1.2	±	0.5	 4	±	2	 98	±	5	 15	±	1	 5	±	2	 1.5	±	0.5		
10	 4	wt%	PEGDA	
(AIBN)	





























































#	 Sample	 N	/	%	 C	/	%	 H	/	%	 S	/	%	 AAm	a	/	%	
1	 0	wt%	AAm	(KPS)	 0.03	 90.34	 8.16	 0.10	 0	
2	 0.1	wt%	AAm	(KPS)	 0.06	 89.49	 8.13	 0.10	 17	
3	 1	wt%	AAm	(KPS)	 1.05	 86.30	 7.86	 0.11	 58	
4	 0	wt%	AAm	(AIBN)	 0.04	 90.97	 8.14	 0.00	 0	
5	 0.1	wt%	AAm	(AIBN)	 0.06	 91.26	 8.15	 <0.01	 11	






































































































































































1	 0	wt%	(KPS)	 3.4	±	0.7	 0.8	±	0.3	 3	±	1	 3.4	±	0.7	 0.7	±	0.3	 3	±	1	
2	 0.1	wt%	AAm	(KPS)	 2.3	±	0.7	 0.6	±	0.2	 2	±	1	 8	±	2	 1.8	±	0.7	 4	±	2	
3	 1	wt%	AAm	(KPS)	 2.5	±	0.9	 0.5	±	0.2	 3	±	1	 2.9	±	0.7	 0.8	±	0.3	 1.9	±	0.9	
4	 0.4	wt%	PEGDA	(KPS)	 1.9	±	0.5	 0.5	±	0.2	 2	±	1	 1.9	±	0.7	 0.4	±	0.2	 1.8	±	0.9	
5	 4	wt%	PEGDA	(KPS)	 4	±	3	 0.7	±	0.3	 5	±	2	 3	±	2	 0.4	±	0.2	 5	±	2	
6	 0	wt%	AAm	(AIBN)	 7	±	2	 1.6	±	0.7	 7	±	3	 5	±	2	 1.0	±	0.5	 5	±	3	
7	 0.1	wt%	AAm	(AIBN)	 4	±	1	 1.2	±	0.4	 3	±	2	 4.3	±	0.7	 0.9	±	0.3	 3	±	1	
8	 1	wt%	AAm	(AIBN)	 2.9	±	0.6	 0.7	±	0.2	 3	±	1	 6	±	2	 1.4	±	0.5	 2.2	±	0.9	
9	 0.4	wt%	PEGDA	(AIBN)	 4	±	2	 1.2	±	0.5	 4	±	2	 3	±	2	 0.8	±	0.3	 5	±	2	





























































































1	 0	wt%	AAm	(KPS)	 1.3	±	0.1	 1.4	±	0.2	
2	 0.1	wt%	AAm	(KPS)	 0.6	±	0.3		 0.7	±	0.3		
3	 1	wt%	AAm	(KPS)	 0.08	±	0.01	 0.08	±	0.01	
4	 0.4	wt%	PEGDA	(KPS)	 2.6	±	0.5	 4	±	1	
5	 4	wt%	PEGDA	(KPS)	 3.4	±	0.2	 3.9	±	0.2	
6	 0	wt%	AAm	(AIBN)	 NP	*	 NP	*	
7	 0.1	wt%	AAm	(AIBN)	 0.3	±	0.1	 0.3	±	0.1	
8	 1	wt%	AAm	(AIBN)	 2.3	±	0.3	 2.3	±	0.3	
9	 0.4	wt%	PEGDA	(AIBN)	 21	±	3	 23	±	3	



































































































































































































































































































































































































































































































































































































0	wt%	(KPS)	 97	±	4	 -	10	±	9		 900	±	20		 110	±	3		 -	8	±	2		 970	±	20		
0.1	wt%	AAm	(KPS)	 86	±	5	 12	±	9	 910	±	30	 97	±	4	 -	6	±	7	 1013	±	9	
1	wt%	AAm	(KPS)	 83	±	7	 10	±	10	 930	±	30	 91	±	4	 10	±	10	 980	±	20	
0.4	wt%	PEGDA	(KPS)	
(KPS)	
98	±	7	 10	±	10	 890	±	50	 88	±	4	 0	±	10	 940	±	40	
4	wt%	PEGDA	(KPS)	 97.5	±	0.3	 2	±	3	 650	±	30	 93	±	1	 14	±	3	 700	±	20	
0	wt%	(AIBN)	 96	±	8	 -	10	±	20		 880	±	60	 103	±	6	 -	10	±	20	 970	±	80	
0.1	wt%	AAm	(KPS)	
(KPS)(AIBN)	
108	±	8	 -	5	±	1	 850	±	20	 110	±	10	 0	±	40	 970	±	30	
1	wt%	AAm	(AIBN)	 89	±	7	 10	±	10	 760	±	20	 100	±	10	 3	±	6	 840	±	30	
0.4	wt%	PEGDA	(AIBN)	 98	±	5	 4	±	9	 820	±	20	 116	±	5	 4	±	4	 930	±	20	








































































































































































































































































Sample	a	 Z-Ave	/	nm	b	 Average	PDI	c	 Z	/	nm	d	 wt%	e	 Conversion	/	%	f	 ζ	/	mV	g	
A01	 109	±	1	 0.010	±	0.009	 80	±	10	 9.79	±	0.03	 92	 -	53	±	3	
V01	 172.5	±	0.4	 0.02	±	0.02	 130	±	20	 7.62	±	0.05	 92	 34	±	1	





















































1	 16.3	±	0.1	 109	±	1		 105.2	±	0.2	 80	±	10	 80	±	10	 -	46.3	±	0.8	
2	 25.90	±	0.09	 109	±	1		 104.2	±	0.9		 80	±	10	 81	±	8	 -	44.2	±	0.8	
3	 30.2	±	0.5	 109	±	1	 106	±	1	 80	±	10	 80	±	10	 -	41.5	±	0.4	
4	 32	±	1	 109	±	1	 100	±	1	 80	±	10	 80	±	10		 -	43.5	±	0.6	
	
V01	
1	 	20.8	±	0.3	 172.5	±	0.4	 164	±	2	 130	±	20	 130	±	20	 36	±	2	
2	 28.2	±	0.5	 172.5	±	0.4	 169	±	1	 130	±	20	 130	±	20	 45.7	±	0.3	
3	 30.8	±	0.2	 172.5	±	0.4	 157	±	4	 130	±	20	 130	±	20		 42.2	±	0.8	































































































































































































































































































































































































































A01:V01	 20	 50	±	10	 75	±	3	 69	±	6	 72	±	7	 67	±	4	 77	±	4	 76	
V01	 30	 67	±	7	 69	±	7	 70	±	8	 68	±	7	 74	±	1	 76	±	4	 74		























	A01:V01	 20	 -	5	±	9	 	0	±	10	 -	3	±	3	 22	±	8	 -	3	±	3	 -	14	±	9		
V01	 30	 -	3	±	2	 -	2	±	4		 -	3	±	7	 21	±	4	 -	10	±	10		 -	10	±	10	
























	A01:V01	 20	 110	±	30	 150	±	20	 140	±	20	 140	±	20	 120	±	10	 155	±	3	
V01	 30	 210	±	30	 180	±	40	 180	±	30	 180	±	50	 120	±	30	 180	±	20	
















































































































































































































































































































































Atom	 Atom	 Atom	 Angle	/	˚	
C1	 C2	 C3	 127.0(13)	
C5	 C6	 C7	 120.0	
C5	 C6	 C9	 121.3(6)	
C7	 C6	 C9	 118.6(6)	
C4	 C5	 C6	 120.0	
C5	 C4	 C3	 120.0	
C4	 C3	 C2	 124.2(7)	
C4	 C3	 C8	 120.0	
C8	 C3	 C2	 115.7(7)	
C7	 C8	 C3	 120.0	
C8	 C7	 C6	 120.0	
C6	 C9	 N10	 119.2(11)	
C9	 N10	 C13	 105.4(8)	
C9	 N10	 C15	 111.1(7)	
C11	 N10	 C9	 109.4(9)	
C11	 N10	 C13	 113.4(6)	
C11	 N10	 C15	 111.6(8)	
C15	 N10	 C13	 105.8(8)	
N10	 C11	 C12	 112.3(6)	
N10	 C13	 C14	 114.7(6)	
C16	 C15	 N10	 118.2(8)	
C15A	 N10A	 C11A	 107.8(5)	
C15A	 N10A	 C9A	 111.8(6)	
C11A	 N10A	 C9A	 107.7(6)	
C13A	 N10A	 C15A	 110.6(6)	
C13A	 N10A	 C11A	 111.1(6)	
C13A	 N10A	 C9A	 107.9(5)	
C1A	 C2A	 C3A	 124.8(7)	
C16A	 C15A	 N10A	 115.5(6)	
C12A	 C11A	 N10A	 114.7(5)	
C5A	 C6A	 C7A	 120.0	
C5A	 C6A	 C9A	 119.6(4)	
C7A	 C6A	 C9A	 120.4(4)	
C6A	 C5A	 C4A	 120.0	
C3A	 C4A	 C5A	 120.0	
C4A	 C3A	 C2A	 122.1(4)	
C4A	 C3A	 C8A	 120.0	
C8A	 C3A	 C2A	 117.8(4)	
C3A	 C8A	 C7A	 120.0	
C8A	 C7A	 C6A	 120.0	
N10A	 C13A	 C14A	 116.3(5)	
C6A	 C9A	 N10A	 116.7(6)	
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D.2		 Formation	of	colloidal	gels		
	
	
Figure	D4.	SEM	images	of	colloidal	gels	obtained	by	combining	A01	and	V01	at	equal	weight	percent.	
Particle	concentration:	A)	5	wt%	and	B)	15	wt%.	Scale	bar	is	250	nm.		
	
	
D.3		 Formation	of	cross-linked	colloidal	gels		
	
Table	D4	Observations	for	the	addition	of	DVB	to	20	wt%	A01	or	V01	
Sample	a	
Ratio	of	latex	solids	
to	DVB	b	/	wt/wt	
Result	c	
A01	 1:1.5		 Significant	coagulation	
A01	 1:0.5	 Significant	coagulation	
A01	 1:0.2	 Significant	coagulation	
A01	 1:0.1	 Significant	coagulation	
V01	 1:1.5	 Significant	coagulation	
V01	 1:0.5	 Significant	coagulation	
V01	 1:0.2	 Significant	coagulation	
V01	 1:0.1	 Significant	coagulation	
a	The	following	nomenclature	is	used,	samples	prepared	with	APS	start	with	an	A,	
while	those	prepared	with	V-50	start	with	a	V.	b		Mass	ratio	of	solid	latex	to	monomer.		
c	Visual	result	2	h	after	addition	of	DVB	to	individual	latexes.	
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Figure	D5.	SEM	images	of	cross-linked	colloidal	gels	obtained	by	combining	20	wt%	A01	and	V01	and	cured	
with	different	concentrations	of	DEGDA.	DEGDA	concentration	(w.r.t.	total	solid	content	of	the	gel):	A)	15	
wt%,	B)	20	wt%,	C)	25	wt%	and	D)	30	wt%.	Scale	bar	is	250	nm.		
	
	
D.4		 Formation	of	porous	materials	using	a	single	latex		
	
	
Figure	D6.	Photographs	of	colloidal	gels	obtained	from	the	addition	of	APS	at	1	wt%	(w.r.t.	solids)	to	20	wt%	
V01.	A)	taken	with	the	vials	upright	2	h	after	the	addition	of	the	APS	solution	and	B)	taken	20	min	after	
inversion.	Volume	and	concentration	of	APS	solution	used	for	0.2	g	of	colloidal	gel:	a)	10	μL	of	0.04	g/mL,	b)	
20	μL	of	0.02	g/mL,	c)	50	μL	of	0.008	g/mL	and	d)	72.8	μL	of	0.005	g/mL.		
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Figure	D7.	Photographs	of	a	cross-linked	colloidal	gel	obtained	from	the	addition	of	APS	at	1	wt%	(w.r.t.	
solids)	to	20	wt%	V01	containing	30	wt%	DEGDA	(w.r.t.	solids)	and	cured	by	the	addition	of	TEMED	at	room	
temperature.	Scale	bar	is	A)	5	mm	and	B)	3	mm.	
	
	
D.5		 Solvent	Behaviour	
	
	
Figure	D8.	Mass	of	solvent	absorbed	by	polymer	disks	of	different	cross-linked	colloidal	gels	relative	to	the	
mass	of	the	dry	disks.	A01:V01	was	cross-linked	using	20	wt%	DEGDA	(w.r.t.	solids),	while	V01	&	V02	were	
cross-linked	using	30	wt%	DEGDA	(w.r.t.	solids).	
	
	
	
	
	
	
	
Appendix	D	
	 207	
D.6		 Surface	Area	Analysis	
	
	
Figure	D9.	Nitrogen	adsorption/desorption	isotherms	for	the	cross-linked	colloidal	gels.	A01:V01	was	cross-
linked	using	20	wt%	DEGDA	(w.r.t.	solids),	while	V01	&	V02	were	cross-linked	using	30	wt%	DEGDA	(w.r.t.	
solids).	
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Chapter	7	
	
General	Conclusions	and	Future	Directions		
		
The	use	of	emulsion	templates,	in	particular	high	internal	phase	emulsions,	for	the	
preparation	of	polymer	monoliths	has	been	widely	reported	in	the	literature.	However,	
the	chromatographic	performance	of	these	materials	in	LC	has	so	far	been	limited	as	a	
result	of	dispersion,	and	relatively	few	reports	have	focused	in	depth	on	the	influence	of	
the	materials	structure	on	performance	[1].	In	addition,	only	a	handful	of	reports	have	
investigated	their	preparation	in	capillary	format,	which	is	a	format	that	can	result	in	a	
reduction	in	peak	broadening	[2].	These	reports	all	focused	on	the	separation	of	small	
molecules	such	as	alkylbenzenes	and	not	on	the	separation	of	larger	molecules	such	as	
proteins,	which	polymer	monoliths	are	better	suited	for.	The	preparation	of	these	
materials	for	LC	has	also	mainly	utilised	water-in-oil	emulsions,	resulting	in	relatively	
hydrophobic	scaffolds,	which	limits	the	applicability	of	these	materials	for	different	
chromatographic	modes	without	further	chemical	modification.	To	the	best	of	my	
knowledge	there	exist	no	reports	in	the	literature	involving	the	use	of	oil-in-water	
emulsions	to	obtain	hydrophilic	materials	for	LC.	
	
Poly(AAm-co-MBAm)	monoliths	were	therefore	prepared	using	(paraffin-oil)-in-water	
emulsions,	with	Tween®	85	as	stabiliser,	based	on	a	recipe	by	Hua	et	al.	[3].	However,	in	
this	case	the	internal	phase	volume	was	varied	in	order	to	prepare	polymer	monoliths	
with	improved	mechanical	properties	under	compression,	as	poor	mechanical	properties	
as	a	result	of	high	porosities	are	known	to	be	problematic	for	chromatographic	
applications	[4].	For	example,	when	an	internal	phase	of	40	vol%	was	utilised	a	Young’s	
modulus	of	490	±	90	MPa	was	obtained	in	comparison	to	a	value	of	180	±	70	MPa	for	a	
material	prepared	using	an	internal	phase	of	60	vol%.		
	
Reductions	in	the	internal	phase	volume	are	known	to	result	in	a	reduction	in	the	
interconnectivity	of	the	resulting	materials	[5],	which	is	a	disadvantage	of	this	approach.	
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However	window	formation	can	be	promoted	through	manipulation	of	a	variety	of	
parameters	including	the	emulsification	energy	and	surfactant	level.	A	systematic	study	
was	therefore	employed	involving	the	variation	of	the	internal	phase	volume,	
emulsification	energy	and	surfactant	level.	It	was	found	that	polymer	monoliths	with	
improved	mechanical	properties	could	be	obtained	with	a	high	level	of	interconnectivity	
through	the	use	of	an	appropriate	combination	of	these	parameters.		
	
In	addition,	significantly	different	porous	morphologies	were	observed	through	variations	
in	these	parameters.	For	example,	an	increase	in	the	surfactant-to-oil	ratio	and	
emulsification	energy	was	observed	to	result	in	a	shift	in	morphology	away	from	the	
traditional	void	and	window	structure	of	emulsion	templated	materials	to	that	of	
materials	possessing	what	appeared	to	be	predominately	open	voids.	It	was	suggested	
that	this	was	a	result	of	increased	thinning	of	the	continuous	phase	films	between	
adjacent	droplets.	This	structure	also	appeared	to	aid	in	the	mechanical	properties	of	
these	materials	with	a	normalised	Young’s	modulus	of	13	±	3	MPa	for	a	material	
possessing	this	structure	compared	to	a	value	of	3	±	1	MPa	for	a	material	possessing	the	
typical	void	and	window	structure.	
	
These	poly(AAm-co-MBAm)	monoliths	were	also	found	to	be	responsive	to	different	
solvent	environments	with	significant	variations	in	volume.	For	example,	the	porosity	of	
these	materials	approached	100%	when	immersed	in	H2O,	and	they	were	observed	to	
shrink	when	exposed	to	acetone.	This	suggested	their	potential	application	as	absorbents	
or	in	controlled	release.	However,	these	variations	in	volume	are	potentially	problematic	
for	LC	applications	involving	a	solvent	gradient.	In	fact	when	prepared	in	capillary	format,	
these	monoliths	were	observed	to	detach	from	the	capillary	wall	as	a	result	of	shrinkage	
during	purification.	If	stable	attachment	could	be	achieved	these	materials	may	be	
applicable	for	the	separation	of	compounds	of	varying	hydrophilicity	in	HILIC,	however	
these	particular	materials	were	deemed	unsuitable	given	these	inherent	characteristics.			
	
The	preparation	of	poly(Sty-co-DVB)	poly(HIPE)s,	from	water-in-oil	emulsions,	in	capillary	
format	for	the	separation	of	proteins	was	therefore	investigated,	as	stable	attachment	of	
similar	poly(HIPE)s	had	been	demonstrated	previously	[6].	Stable	attachment	to	the	
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capillary	wall	was	also	observed	for	these	poly(HIPE)s	and	this	was	attributed	to	the	
negligible	change	in	volume	observed	when	exposed	to	different	solvent	environments.	
These	columns	were	also	mechanically	stable	over	the	range	of	flow	rates	utilised.	
	
Particular	attention	was	paid	to	the	influence	the	preparation	in	capillary	format	had	on	
the	resulting	morphology	of	these	poly(HIPE)s.	It	was	found	that	when	these	materials	
were	prepared	in	capillaries	with	i.d.s	below	540	μm	using	low	shear	emulsification	
significant	alterations	in	their	porous	structure	was	observed.	This	observation	was	
particularly	important	as	low	shear	emulsification	is	commonly	employed	for	the	
preparation	of	poly(HIPE)s	for	LC.	In	these	cases	a	decrease	in	void	size	was	observed	with	
decreasing	capillary	i.d.	In	addition,	all	columns	prepared	using	low	shear	emulsification	
possessed	significant	radial	heterogeneity.	This	resulted	in	significant	band	broadening	
when	these	columns	were	applied	for	the	separation	of	a	standard	protein	mixture	
comprising	ribonuclease	A,	lysozyme	and	α-chymotrypsinogen	A	by	RPLC.		
	
When	high	shear	emulsification	was	utilised	the	resulting	poly(HIPE)s	exhibited	narrower	
void	size	distributions	and	the	materials	prepared	in	capillary	format	reflected	those	
prepared	within	glass	vials,	in	all	cases.	The	presence	of	radial	heterogeneity	was	also	not	
observed	for	these	poly(HIPE)s.	This	resulted	in	significant	improvements	in	the	
chromatographic	performance	for	the	separation	of	this	protein	mixture,	in	particular	
when	using	a	150	μm	i.d.	capillary.	However	the	presence	of	a	small	number	of	
significantly	larger	voids	was	observed,	which	was	attributed	to	the	presence	of	air	
bubbles	from	the	use	of	the	high	energy	mixer	and/or	the	capillary	filling	process.	These	
larger	voids	have	also	been	observed	for	other	poly(HIPE)	systems	[1]	and	would	have	
contributed	to	band	broadening,	resulting	in	a	reduction	in	chromatographic	
performance.		
	
Given	these	poly(Sty-co-DVB)	poly(HIPE)s	possessed	a	rigid	backbone	and	stable	
attachment	to	the	capillary	wall,	in	contrast	to	the	poly(AAm-co-MBAm)	monoliths,	these	
monoliths	were	functionalised	by	simply	including	monomers	in	the	internal	phase.	Initial	
work	focused	on	the	inclusion	of	the	hydrophilic	AAm	monomer	in	an	effort	to	increase	
the	surface	hydrophilicity.	The	influence	of	AAm	content	and	the	choice	of	initiator	on	the	
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resulting	morphology	was	investigated.	It	was	found,	as	previously	reported	by	Gitli	and	
Silverstein	[7],	that	the	inclusion	of	AAm	resulted	in	a	reduction	the	void	size	as	this	
monomer	was	acting	as	a	co-stabiliser.	In	addition,	the	use	of	a	water-soluble	initiator	
coupled	with	an	increase	in	the	AAm	content	resulted	in	the	presence	of	an	AAm-based	
hydrogel	that	filled	the	voids	of	the	resulting	poly(HIPE).	This	was	related	to	a	higher	
degree	of	polymerisation	occurring	in	the	internal	phase.	In	contrast	when	an	oil-soluble	
initiator	was	utilised,	with	the	same	AAm	content,	a	lower	degree	of	polymerisation	
occurred	in	the	internal	phase	resulting	in	a	poly(HIPE)	with	AAm	chains	grafted	to	the	
surface.		
	
The	presence	of	this	hydrogel	was	found	to	be	advantageous	for	the	separation	of	some	
components	of	a	peptide	mixture	in	HILIC,	which	was	not	possible	for	the	poly(HIPE)	
prepared	using	the	oil-soluble	initiator.	However,	its	presence	coupled	with	a	broad	void	
size	distribution	resulted	in	inferior	performance	for	the	separation	of	the	protein	mixture	
by	RPLC,	compared	to	the	unmodified	column.	In	contrast	the	materials	prepared	using	
the	oil-soluble	initiator	with	AAm	present	in	the	internal	phase	exhibited	significantly	
improved	chromatographic	performance	as	a	result	of	their	improved	column	bed	
homogeneity.	In	particular	the	peaks	obtained	with	these	materials	were	narrower	and	
more	Gaussian	in	nature,	in	comparison	to	the	broad	and	rear-tailed	peaks	observed	for	
the	unmodified	column.	
	
In	an	attempt	to	further	improve	the	column	homogeneity	the	weakly	hydrophilic	
monomer	PEGDA	was	included	in	the	internal	phase,	where	it	was	expected	to	act	as	a	
more	efficient	co-stabiliser	than	AAm.	When	small	amounts	of	PEGDA	were	included,	
poly(HIPE)s	with	narrower	void	size	distributions	were	obtained	and	these	columns	were	
capable	of	separating	the	three	proteins	from	the	protein	impurity	peaks.	This	allowed	
these	materials	to	be	utilised	for	a	more	complex	separation	involving	seven	components	
where	a	good	separation	was	obtained.	However	these	materials	also	possessed	the	
presence	of	these	significantly	larger	voids	and	the	chromatographic	performance	of	
these	materials	overall	is	still	inferior	to	that	of	conventional	polymer	monoliths.			
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While	it	is	clear	that	emulsifying	under	high	shear	and	including	co-stabilisers	in	the	
emulsion	formulation	can	result	in	poly(HIPE)s	with	significantly	improved	
chromatographic	performance,	their	performance	is	ultimately	limited	by	the	presence	of	
these	larger	voids.	Therefore	in	order	to	further	improve	their	performance	more	effort	
on	improving	the	emulsification	process	is	required.	For	example,	strategies	involving	
microfluidics,	which	have	been	used	to	prepare	relatively	monodisperse	HIPEs	[8],	may	
offer	an	alternative	route	to	the	use	of	high	energy	mixers.	However,	the	droplet	size	in	
these	approaches	is	relatively	large.	In	addition,	the	void	and	window	structure	of	these	
poly(HIPE)s	could	potentially	be	acting	as	mixers	[1],	resulting	in	increased	dispersion.	In	
accordance	the	predominately	open	void	structure	observed	for	some	of	the	poly(AAm-
co-MBAm)	monoliths	prepared	in	this	work	might	result	in	further	improvements	in	
chromatographic	performance	if	the	same	approach	can	be	applied	to	the	poly(Sty-co-
DVB)	system.			
	
Further	investigation	into	the	preparation	and	resulting	structure	of	these	materials	is	
required	in	order	to	further	improve	their	chromatographic	performance	to	a	point	where	
it	approaches	that	of	conventional	polymer	monoliths.	However,	it	is	important	to	point	
out	that	direct	comparisons	between	the	separations	obtained	with	these	materials	and	
that	of	conventional	polymer	monoliths	are	not	representative	due	to	the	significant	
differences	in	porosity.	Conventional	polymer	monoliths	are	typically	prepared	with	a	
porosity	of	60%,	in	comparison	to	the	porosities	of	poly(HIPE)s	which	exceeds	74%.	A	
higher	porosity	often	results	in	lower	surface	areas,	which	limits	both	the	sample	capacity	
and	the	interactions	occurring	between	the	stationary	phase	and	the	analytes.		
	
Additionally,	the	presence	of	a	larger	total	pore	volume	results	in	differences	in	flow	
velocity	at	the	same	flow	rate.	In	accordance	the	analytes	in	a	monolith	with	a	larger	pore	
volume	will	experience	a	lower	flow	velocity	and	therefore	a	higher	degree	of	band	
broadening	can	occur.	For	example,	Krajnc	et	al.	[1]	demonstrated	a	slight	improvement	in	
the	chromatographic	performance	for	their	poly(GMA-co-EDMA)	poly(HIPE)s	upon	
reducing	the	porosity.		
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While	reducing	the	internal	phase	volume	of	the	emulsion	templates	may	also	allow	for	
further	improvements	in	the	chromatographic	performance,	as	discussed,	this	is	often	at	
the	expense	of	interconnectivity	and	this	would	detract	from	the	advantage	of	having	a	
highly	porous	material	with	high	permeability.	For	example,	the	permeabilities	for	the	
poly(HIPE)s	prepared	in	this	work	were	found	to	be	an	order	of	magnitude	larger	than	that	
of	conventional	polymer	monoliths	and	this	allows	for	the	possibility	of	rapid	separations	
with	minimal	increase	in	back	pressure,	which	was	also	demonstrated	in	this	work.	This	is	
particularly	important	for	situations	where	the	pressure	of	the	LC	system	is	limited,	for	
example	for	miniaturised	platforms.	These	particular	features	may	also	allow	these	
materials	to	be	applied	in	other	areas,	where	the	degree	of	band	broadening	is	not	a	
critical	factor.	For	example	the	high	permeabilities	and	porosities,	typically	associated	with	
poly(HIPE)s,	have	already	been	demonstrated	to	be	beneficial	for	the	transport	of	
nutrients	in	tissue	engineering	[9-10].	They	could	also	potentially	be	applied	as	supports	
for	catalysis	and	combinatorial	chemistry	or	as	metal	chelating	agents,	with	some	
additional	chemical	modifications.									
	
An	alternative	route	for	the	preparation	of	poly(styrene)-based	monoliths	was	also	
explored	through	the	combination	of	oppositely	charged	latexes	prepared	from	the	soap-
free	emulsion	polymerisation	of	styrene.	The	addition	of	these	particles	at	20	wt%	
resulted	in	cohesive	gels,	which	were	then	cross-linked	by	the	inclusion	of	DEGDA	in	the	
formulation.	This	approach	potentially	offers	a	greener	alternative	to	the	preparation	of	
polymer	monoliths	in	comparison	to	the	use	of	a	porogenic	solvent	or	an	emulsion	
template,	with	the	use	of	only	H2O	and/or	MeOH	as	solvents,	the	absence	of	surfactant,	
and	minimal	purification	the	main	advantages.		
	
It	was	also	found	that	these	materials	could	be	prepared	through	the	use	of	a	single	latex	
where	the	addition	of	the	initiator	APS	promoted	both	the	formation	of	the	gel	and	the	
cross-linking	process.	The	use	of	APS	also	allowed	for	these	materials	to	be	cured	rapidly	
at	room	temperature	through	the	addition	of	TEMED.	This	approach	also	offered	some	
unique	advantageous	over	conventional	strategies,	for	example	the	pore	size	of	these	
materials	was	found	to	be	in	the	order	of	the	particle	dimensions,	with	the	use	of	larger	
particles	resulting	in	materials	with	larger	pore	size.	Particles	of	different	size	can	easily	be	
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prepared	using	the	soap-free	emulsion	polymerisation	approach,	thus	offering	the	ability	
to	prepare	materials	with	desired	porous	properties	for	particular	applications.	
	
Additionally,	the	mouldability	of	these	gels	afforded	the	possibility	to	prepare	these	
materials	in	a	variety	of	formats.	They	were	also	able	to	retain	their	shape	in	the	absence	
of	an	external	force	allowing	for	their	preparation	without	the	use	of	a	mould,	which	is	
not	possible	when	using	a	porogenic	solvent.	These	materials	may	find	applications	in	
several	areas	including	tissue	engineering,	catalysis,	chromatography,	extraction,	sample	
preparation,	and	as	absorbents	and	this	warrants	further	investigation.	This	approach	is	
also	not	limited	to	the	use	of	poly(styrene)-based	particles,	as	other	monomer	systems	
such	as	methyl	methacrylate	could	potentially	be	utilised	[11-12].	These	materials	also	
possessed	relatively	high	porosities	and	were	observed	to	rapidly	uptake	solvents	of	
varying	polarity	by	capillary	action,	suggesting	their	applicability	for	TLC	and	extraction.		
	
7.1		 References	
	
[1]	Krajnc,	P.;	Leber,	N.;	Štefanec,	D.;	Kontrec,	S.;	Podgornik,	A.	J.	Chromatogr.	A.	2005,	
1065,	69-73.	
[2]	Nischang,	I.;	Svec,	F.;	Fréchet,	J.	M.	J.	Chromatogr.	A.	2009,	1216,	2355-2361.	
[3]	Hua,	Y.;	Zhang,	S.;	Zhu,	Y.;	Chu,	Y.;	Chen,	J.	J.	Polym.	Sci.	A	Polym.	Chem.	2013,	51,	
2181-2187.	
[4]	Jerenec,	S.;	Šimić,	M.;	Savnik,	A.;	Podgornik,	A.;	Kolar,	M.;	Turnšek,	M.;	Krajnc,	P.	React.	
Funct.	Polym.	2014,	78,	32-37.	
[5]	Luo,	Y.;	Wang,	A.-N.;	Gao,	X.	Soft	Matter.	2012,	8,	7547-7551.	
[6]	Tunç,	Y.;	Gölgelioğlu,	Ç.;	Hasirci,	N.;	Ulubayram,	K.;	Tuncel,	A.	J.	Chromatogr.	A.	2010,	
1217,	1654-1659.	
[7]	Gitli,	T.;	Silverstein,	M.	S.	Soft	Matter.	2008,	4,	2475–2485.	
[8]	Costantini,	M.;	Colosi,	C.;	Guzowski,	J.;	Barbetta,	A.;	Jaroszewicz,	J.;	Święszkowski,	W.;	
Dentini,	M.;	Garstecki,	P.	J.	Mater.	Chem.	B.	2014,	2,	2290–2300.	
[9]	Barbetta,	A.;	Dentini,	M.;	De	Vecchis,	M.	S.;	Filippini,	P.;	Formisano,	G.;	Caiazza,	S.	Adv.	
Funct.	Mater.	2005,	15,	118-124.	
[10]	Busby,	W.;	Cameron,	N.	R.;	Jahoda,	C.	A.	B.	Biomacromolecules.	2001,	2,	154-164.	
[11]	Nagao,	D.;	Anzai,	N.;	Kobayashi,	Y.;	Gu,	S.;	Konno,	M.	J.	Colloid	Interface	Sci.	2006,	
298,	232-237.	
[12]	Kang,	K.;	Kan,	C.	Y.;	Du,	Y.;	Liu,	D.	S.	J.	Appl.	Polym.	Sci.	2004,	92,	433–438.	
	
